Abstract
and nearby nerves may cause serious neurological complications potentially leading to death if the cement enters the blood stream [10] .
48
In certain cases, an intraosseous venography can be used, prior to cement 49 injection, to map the venous outlets from the vertebral body [1, 3] . In this 
Methods

66
Segmentation techniques based on active contours [13] , or deformable models,
67
have been widely used in image processing for different medical applications, 68 such as computer integrated surgery or computer aided diagnosis [14] . The idea 
where C is a finite set of closed, smooth curves in a bounded region Ω ∈ R 2 , 92 with total length |C|, u 0 : Ω → R represents the observed image and c i is the the unknown variable C by the level set function φ(x) as:
where the length value |C| = Ω δ(φ)|∇φ| is estimated directly from the level 112 set function [20] . In Figure 3 we show how our segmentation algorithm works 
122
Let m be a mask defined as m(x, y) = 0 inside the vertebral body and 123 m(x, y) = 1 outside. Our energy functional can be modified as follows:
Finally, the boundary is updated by solving a nonlinear, model associated
125
Euler-Lagrange equation: 
Results
132
We have applied our method to a set of X-ray images obtained during real ver- (CPU @1.7GHz, RAM 512MB).
150
We present the results on a third lumbar vertebra with osteoporosis in four to the same image as in Figure 3b , and it shows that our algorithm performs 156 much better than the one without mask restriction (compare to Figure 3c ).
157
The convergence of the energy was observed after 500 iterations (25 seconds),
158
as opposed to the case of the algorithm without mask restriction, which fails to
159
converge. In all the tested images, no noticeable differences in contour shape
160
were visible when comparing the result after 500 iterations with that after 150 161 iterations, which only takes 7 seconds.
162
Our results have been evaluated by the interventional radiologist that per- 
